Background and Objective Nearly 10 % of all US hospital admissions are attributed to acute bacterial skin and skin structure infections (ABSSSIs). While most antibacterials used to treat these infections require multi-day and multidose regimens, a single-dose treatment is now available. The objective of this analysis is to estimate the annual budget impact of using single-dose oritavancin in patients with moderate to severe ABSSSIs receiving intravenous methicillin-resistant Staphylococcus aureus (MRSA)-active antibacterials from a US hospital perspective. Methods A decision-analytic model based on current clinical practice was developed to estimate the economic impact of oritavancin. Utilization of antibacterials and rates of hospital admission were derived from the Premier Research Database. Demographic and clinical data were informed by the published literature and 2014 wholesale drug acquisition costs were used. Other costs were based on the published literature and Medicare National Limitation amounts. All costs were inflated to 2014 US dollars. Two base-case scenarios were considered: one for hospitals with ambulatory services and one for hospitals without ambulatory services. Results For a US hospital with ambulatory services with 1000 ABSSSI patients receiving intravenous MRSA antibiotics annually, use of oritavancin in 26 % of patients is estimated to reduce the total annual budget by 12.9 % (US$1.23 million), or approximately US$1234.67 per patient. Total inpatient costs will be reduced by 22.3 % (US$1.40 million) and outpatient costs will increase slightly by 1.7 % (US$55,310). Pharmaceutical cost increases are offset by savings in the inpatient setting from fewer hospital admissions. Hospitals without ambulatory services are estimated to receive overall cost savings of 9.3 % (US$0.63 million). Conclusion Use of single-dose oritavancin in select ABSSSI patients with suspected or confirmed MRSA involvement is estimated to save US hospitals approximately 9.3-12.9 % per year by reducing hospital admissions and lowering drug administration burden.
Introduction
Management of patients with serious skin infections is a major burden on the US healthcare system. The Centers for Disease Control have reported that there are over 3.4 million emergency department (ED) visits annually for cellulitis and abscesses, making skin infections the seventh leading primary diagnosis seen in the ED [1] . Nearly 10 % of all US hospital admissions are attributed to acute bacterial skin and skin structure infections (ABSSSIs), and total US hospital costs for treating ABSSSI patients in 2010 alone were estimated to be more than US$6 billion [2, 3] . ABSSSIs are predominantly caused by Gram-positive pathogens, with Staphylococcus aureus the most prevalent organism [5] . In recent decades, methicillin-resistant S. aureus (MRSA) strains have become increasingly common and, if un-or under-treated, may become lifethreatening. The overall national prevalence of MRSA has been reported to be 59 %; however, the rate varies by hospital and geography and can reach up to 74 % or more of cases [6] . The high volume of ED visits, hospital admissions, and high costs require hospitals and healthcare systems to ensure clinically effective and cost-effective management of ABSSSI. Given the high prevalence of MRSA, any agent used in an effort to reduce the healthcare burden associated with treatment of ABSSSI must have reliable activity and demonstrated efficacy against this highly virulent pathogen [6] .
Currently, the Infectious Diseases Society of America (IDSA) guidelines and associated drug package inserts recommend a treatment course of a minimum of 5-14 days of antibacterials such as vancomycin, daptomycin, ceftaroline, or intravenous/oral linezolid whether or not MRSA has been confirmed [7] [8] [9] [10] [11] [12] . The multi-dose and multi-day treatment regimens required of most antibacterial drugs leads to multi-day hospital stays and often repeated visits to an infusion center to complete the course of therapy following discharge.
Oritavancin (OrbactivÒ, The Medicines Company, Parsippany, NJ, USA) is a recently approved intravenous semi-synthetic lipoglycopeptide antibacterial indicated for the treatment of adult patients with ABSSSI caused by certain Gram-positive pathogens including MRSA [13] . As the first and only US FDA-approved single-dose treatment for ABSSSI, it has been hypothesized that oritavancin may reduce costs for ABSSSI treatment through the avoidance of hospitalization or shortened length of stay (LOS) made possible by its once-only dosing, particularly in stable patients with moderate to severe ABSSSIs [4, 7] . To explore this hypothesis, a budget impact model was developed from the hospital perspective to estimate the economic impact of using once-only oritavancin in moderate to severe ABSSSI patients. The objective of the analysis was to understand the cost impact of shifting an increased proportion of patients to care in the ambulatory setting, as compared to the current standard of care, based on nationally representative practice patterns.
Methods
A decision-analytic model based on current clinical practice was developed to simulate treatment of ABSSSI patients receiving empiric treatment with MRSA-active antibacterials (Fig. 1) . The perspective of the model is from a US hospital, and costs considered include the index treatment episode and 30-day ABSSSI-related re-hospitalization. The decision tree was developed based on literature review and expert clinical opinion (SD, DPN, and TPL).
The model was used to estimate the annual budget impact of using oritavancin for a hypothetical US hospital with 1000 patients per year receiving intravenous MRSAactive antibacterials for ABSSSI. Since incidence of the disease varies by hospital, 1000 patients was selected as the population in order to facilitate comparison with individual hospitals. The base case reflects a nationally representative empiric treatment mix of 92 % vancomycin, 2 % linezolid intravenous, and 6 % daptomycin (Table 1 ). In the scenario case, oritavancin was assumed to be used in 26 % of patients, representing those patients with moderate to severe ABSSSI who can safely be managed in an outpatient environment, as derived from an analysis of the Premier Research Database [14] . In this analysis, approximately 26 % of admitted patients with ABSSSIs were Eron classification 2 and 3, a group of patients with moderate to severe ABSSSI with the potential to receive treatment in the outpatient setting due to lack of other reasons for hospital admission. Oritavancin usage in this scenario was assumed to displace vancomycin while all other antibacterial use was unchanged, resulting in a scenario treatment mix of 66 % vancomycin, 26 % oritavancin, 2 % linezolid intravenous, and 6 % daptomycin. We elected to shift 26 % of patients from vancomycin to oritavancin use rather than the other antibacterials for two reasons. First, vancomycin was the clinical comparator in the SOLO trials of oritavancin [15, 16] . In these trials, oritavancin was shown to be non-inferior to vancomycin for ABSSSI. Therefore, oritavancin will likely replace vancomycin in clinical use due to the available comparator data. Second, vancomycin was the least expensive of the drugs included in this analysis. We thus felt that comparing a new more costly alternative to the least expensive established treatment was the most economically conservative assumption. If oritavancin is found to be cost saving relative to vancomycin, it will also be cost saving relative to linezolid and daptomycin. Based on expert clinical opinion, oritavancin patients were assumed to be treated in the following settings and frequencies: hospital inpatient (5 %), observation (80 %), and outpatient (15 %). It was assumed that 100 % of observation patients were discharged to outpatient care.
In order to capture the experience of hospitals with and without financial risk for outpatient care, two base-case scenarios were assessed:
1. Hospital with ambulatory services. This represents a hospital at full financial risk for the patients' entire course of care (e.g., patients return to a hospital-owned setting for ambulatory treatment, such as a hospitalowned outpatient parenteral antimicrobial therapy [OPAT] infusion center). For these hospitals, outpatient costs could accrue through hospital outpatient departments such as the ED and observation unit as well as in the ambulatory care setting, such as an OPAT infusion center. 2. Hospital without ambulatory services. This represents a hospital that bears 0 % of costs incurred outside the inpatient setting (e.g., patients are discharged to an independently owned ambulatory infusion setting, such as a physician-owned OPAT infusion center or a home health infusion agency). Patients in hospitals without ambulatory services could still incur outpatient costs in the ED or when they are under observation; however, the costs and resource use associated with continued ambulatory services provided outside of the hospital would not accrue to the hospital budget.
Model Structure
As illustrated in Fig. 1 Non-responding outpatients will require a switch of therapy, and may then become hospitalized or kept as outpatients, with or without a period of observation. ABSSSI patients are followed up through the treatment paradigm until 30 days after completion of therapy; 30-day readmission rates specific to the final therapy were applied for all patient pathways. Table 1 lists the key clinical inputs used in the model.
Clinical Inputs
Clinical inputs were obtained from a systematic literature review and network meta-analysis (NMA) [17] . In brief, the NMA utilized Bayesian indirect treatment effects to determine the comparative efficacy point estimates for MRSA infections, non-MRSA infections, and unknown infections for multiple antibacterials including vancomycin, linezolid, daptomycin, oritavancin, and others. ABSSSI acute bacterial skin and skin structure infections, AE adverse event, CPK creatine phosphokinase, MRSA methicillin-resistant Staphylococcus aureus Discontinuation, relapse, and AEs were not reported separately by pathogen type, and thus a single estimate informed by the literature search was used for each drug across all pathogen types (Table 1 ).
Healthcare Resource Inputs
Data derived from the Premier Research Database were used as the basis for determining the base-case first-and second-line treatment mix, days of treatment (DOT), LOS, and treatment setting for ABSSSI patients (Tables 1, 2 ) [18] . The Premier Research Database is geographically representative of the US and includes billing records for approximately one out of every five hospital discharges nationally [19] . Patients were included for analysis if they had a primary diagnosis relating to one of the following International Classification of Diseases, 9th revision, Clinical Modification (ICD-9-CM) codes: 035 erysipelas; 681.x and 682.x (cellulitis/abscess); 686.8 and 686.9 (other specified/unspecified local infections of skin and subcutaneous tissue); 958.3 (post-traumatic wound infection); 998.5x (post-operative infections); and an intravenous MRSA-active antibacterial prescription. Outcomes assessed include practice patterns for first-and secondline treatment and, by therapy, the proportion of patients treated as inpatients versus outpatients, total DOT, and total LOS. As average LOS in the real world is not yet known, an assumption of 2.5 days was used for oritavancin. Other intravenous antibacterial drugs had a ratio of inpatient days to days of therapy that ranged from 0.3 to 0.4. If applied to oritavancin, it would result in an unreasonable assumption of a less than 1-day stay. Conservatively, the assumption of 2.5 days of inpatient stay was inputted for oritavancin. Time spent in observation, required laboratory monitoring and testing, drug administration frequency, and use of peripherally inserted central catheter (PICC) lines were also considered in the model. Published sources were used to estimate an average of 17 h for observation stay; this value was assumed to be equal across all treatments given lack of available data to suggest otherwise [20, 21] . PICC lines were assumed to be used in all patients receiving multi-day infusions. Antibacterials were assumed to be administered according to the prescribing information, and frequencies of therapy-specific laboratory testing/monitoring were similarly inferred. Baseline laboratory testing was not included, as it was assumed to be equal for all patients. Table 2 lists the key health resource inputs included in the model.
Economic Inputs
Economic inputs utilized for the model base-case scenario are listed in Table 3 . Published sources were used for PICC line costs for patients requiring an indwelling catheter [22] . Given the lack of available US-based microcosting data, Medicare National Limitation amounts were used as proxies for the cost for observation care, laboratory and drug administration costs, and hospital outpatient services. Linezolid (IV) 4.42 [18] Daptomycin (IV) 4.5 [18] Average time in observation (h) 17.4 [20, 21] CBC complete blood count, CPK creatine phosphokinase, IV intravenous AE costs were based on the drug and laboratory costs of treating the condition. The Healthcare Cost and Utilization Project's (HCUP) 2011 National Inpatient Sample (NIS) dataset, the largest publicly available all-payer hospital inpatient care database in the US, was used to determine the cost of nephrotoxicity (IDC-9-CM 584.8 [acute kidney injury]). Costs associated with phlebitis were informed from the literature [23] . Pharmaceutical acquisition costs were based on the published wholesale acquisition cost (WAC), as the average sale price is inconsistently reported [24] . All costs were inflated to 2014 values using the medical consumer price index as reported by the Bureau of Labor Statistics [25].
Sensitivity Analysis
To assess the impact of uncertainty with model inputs on the results, a univariate sensitivity analysis was conducted where parameters were varied by ±20 % while keeping the remaining inputs constant. The range of ±20 % was selected as it would keep the inputs within plausible ranges as seen in the literature and as advised by clinical experts. For some parameters (e.g., response rate and others) where the 20 % variation could not be feasibly applied, 100 % was used for the upper range or 0 % (e.g., mortality and others) as the lower range. Sensitivity analyses were conducted using Oracle Crystal Ball Release 11.1.2.4 for Figure 2 illustrates the total estimated annual hospital costs for hospitals with (Fig. 2a) and without (Fig. 2b) ambulatory services.
Results

Budget Impact Analysis
Hospital with Ambulatory Services
For a hospital with ambulatory services, the annual budget is expected to decrease from US$9.6 million in the base case to US$8.3 million in the scenario, resulting in an overall net savings of 13 %, or US$1.3 million (US$1235/patient). The greatest savings came from inpatient hospitalization, where costs were reduced by 22 % from US$6.3 million to US$4.9 million (Fig. 2a) . Hospitalization was the greatest total annual cost category driver of cost reduction, followed by drug administration costs. Hospitalization and drug administration costs were reduced by 76 % (US$1.1 million) and 23 % (US$0.3 million), respectively (Fig. 3a) . Total pharmaceutical costs increased 61 % from US$1 million in the base case to US$1.6 million in the scenario due to the higher drug acquisition costs associated with oritavancin (Fig. 3a) . Although more patients in the scenario were treated entirely in an outpatient setting (47 % in the base case vs. 68 % in the scenario), total outpatient costs increased by only 2 % (US$3.2 million to US$3.3 million). Total patient days were reduced for both inpatient and outpatient stays (inpatient: from 3629 to 2764 days; outpatient: from 6377 to 5087 days). Observation days increased from 43 days in the base case to 193 days in the scenario (data not shown), which led to a slight increase in annual observation unit costs of US$111,780 (Fig. 3a) . The number of laboratory tests was reduced by 4165 tests (29 %) in the scenario because oritavancin patients do not require monitoring. Other events such as readmissions were slightly improved with greater use of oritavancin (data not shown), largely through avoidance of any admission due to its once-only dosing
Hospital Without Ambulatory Services
A hospital without ambulatory services is not financially at risk for continued ambulatory treatment outside the hospital. For these hospitals, the total annual cost is also expected to decrease. The budget was reduced from US$6.9 million in the base case to US$6.2 million in the scenario, resulting in an overall net cost savings of 9 %, or US$0.6 million (US$634/patient). The inpatient hospitalization costs and savings mirror those of hospitals with ambulatory services, as given in Sect. 3.1.1, with inpatient costs reduced by 22 % overall. Outpatient costs, including costs associated with activities in the ED and observation (but excluding continued ambulatory treatment costs), increased by US$0.7 million (125 %), from US$0.5 million in the base case to US$1.2 million in the scenario 6 Fig. 2 Budget impact analysis for a US hospital with 1000 acute bacterial skin and skin structure infection patients eligible for intravenous methicillin-resistant Staphylococcus aureus-active antibacterials: a total annual costs and budget impact by setting and net savings for hospitals with ambulatory services; and b total annual costs and budget impact by setting and net savings for hospitals without ambulatory services. ED emergency department (Fig. 2b) . The majority of this increase is due to the increased drug acquisition costs associated with oritavancin (US$0.2 million in the base case to US$0.7 million in the scenario) (Fig. 3b) . Total patient days associated with inpatient and observation care were as outlined above (decrease of 865 inpatient days and increase of 150 observation days). Figure 4 and Table 4 illustrate the top 15 variables with the highest impact on the model results. Results are shown for hospitals with ambulatory services, though similar results were seen for hospitals without ambulatory services (data not shown). The model was most sensitive to the clinical response rates of antibacterials used in the largest proportions of patients in this analysis: oritavancin and vancomycin. As use of oritavancin was generally cost saving due to its once-only dosing and the shift of patients to the outpatient setting, the model was also sensitive to the proportion of patients receiving oritavancin, hospital cost per diem, and the unit cost (WAC) of oritavancin. Together, these five variables accounted for approximately 95 % of variation in model outputs, with results ranging from US$591,849 to US$1,861,825 in cost savings with use of oritavancin in the base-case scenario. All other inputs have a relatively small impact on the model results; inputs not included in Fig. 4 had an impact of less than 1.5 % on the total costs.
Sensitivity Analysis
Discussion
This budget impact analysis was developed to assist hospital decision makers in evaluating the economic impact of using oritavancin in ABSSSI patients receiving empiric treatment with intravenous MRSA-active antibacterials. On average, a US hospital with ambulatory services and an annual caseload of 1000 ABSSSI patients receiving intravenous MRSA-active antibacterials could expect to save approximately 13 % per year by using oritavancin in patients with moderate to severe ABSSSI (26 % of ABSSSI patients [14] ) in a predominantly outpatient setting, equating to a per patient cost savings of US$1235. Hospitals without ambulatory services could see similar, though slightly lower, cost savings with an expected net savings of 9 % (US$634 per patient). While oritavancin has a comparable response rate to other antibacterial drugs, its once-only dosing regimen allows the majority of responders to avoid hospitalization Fig. 3 Total annual cost by cost category for a US hospital with 1000 acute bacterial skin and skin structure infection patients receiving intravenous MRSA-active antibacterials: a total annual cost by cost category for hospitals with ambulatory services; and b total annual cost by cost category for hospitals without ambulatory services. For the base case and scenario, pharmaceutical represents the drug acquisition costs only for all antibacterials included in the model; hospitalization is the cost of inpatient stay excluding costs associated with pharmaceuticals, drug administration, laboratory tests, and monitoring associated with MRSA-active antibacterials included in the model, adverse events, and readmissions; drug administration is the costs associated with drug administration, excluding pharmaceutical acquisition costs; lab is the costs of laboratory tests and monitoring associated with MRSA-active antibacterials included in the model; AE is the cost associated with the adverse events listed in Table 1 ; and readmission represents the costs associated with 30-day re-hospitalization. AE adverse event, MRSA methicillin-resistant Staphylococcus aureus altogether, with treatment entirely in the ED or observation setting. While a portion of patients who do not respond to initial oritavancin therapy may ultimately be hospitalized (this was a clinical input for the model), the majority of patients receiving other intravenous antibacterials receive initial care in the hospital setting. The model results suggest that the higher acquisition price of oritavancin than of vancomycin is offset by reducing the total number of hospital admissions, decreasing drug administration costs, and reducing continued ambulatory infusions. Cost offsets were seen in both the inpatient and the outpatient setting through reduction in the need for repeated daily infusions and eliminating the need for an indwelling catheter, which also leads to fewer indwelling catheter complications. Though the base-case model assumes all patients receiving multi-day intravenous therapy received PICC lines, the sensitivity analysis indicates variations in PICC line utilization have a negligible (\1 %) impact on the hospital budget. Savings were also realized through the simplified dosing regimen (single intravenous dose of oritavancin) and lack of drug monitoring and other lab tests.
Though several economic models in ABSSSI have been previously published, few have incorporated both inpatient and outpatient costs as illustrated here [23, [30] [31] [32] . The strength of this model is therefore seen in the estimate of total hospital costs across all settings, including observation, admission, and discharge to outpatient care. Of note, no published health economic models were identified that incorporate the cost of observation care, which is becoming increasingly more common as hospitals strive to manage costs and reduce the burden of unnecessary hospital admissions. The model as described simulates a market mix of the most utilized empiric intravenous MRSA-active antibacterial agents and an expanded second-line treatment mix incorporating de-escalation, AE switching, and nonresponse. Many other models take a more narrow view comparing two agents or a more limited second-line armamentarium in specific patient scenario comparisons. Due to these differences, the model described here may be more representative of the total impact on the hospital budget, rather than only on patients whose treatment pathway mirrors the pathways selected in the other models. The results produced by this model are in the range of previously published cost estimates, lending additional credibility to the estimated results [23, [30] [31] [32] .
Another strength of this model is the use of direct hospital cost estimates for most model inputs. The majority of previously published models have focused on payer costs as opposed to direct hospital costs, in part due to the difficulties in estimating and obtaining direct [27] . Here, published data on the actual direct costs of PICC lines (US$413) were used, which were substantially lower than the CMS reimbursement rates (US$850) [22, 28] . Using reimbursement rates in this instance would have overestimated the actual hospital costs associated with PICC line insertion. While reimbursement rates were used as proxy costs for some model variables, they were used sparingly in instances where applicable direct costs were not available. Sensitivity analyses indicate that these discrepancies were unlikely to have a substantial impact on the overall cost savings estimated by the model. Time and motion studies have been used in previous models to reflect hospital costs for inputs such as drug administration, though none have been recently conducted in the US [26, 29] . Several factors should be considered when interpreting the findings of this analysis. A number of simplifying assumptions were made in the development of the model that may impact model results; however, these are consistent with previously published decision-analytic models [23, 26, [31] [32] [33] . Direct costs from Gram-negative antibacterial coverage, additional concomitant medications (aside from those required to treat AEs), radiologic studies, and costs associated with use of isolation units were not included in the model as this was assumed to be consistent across all patients. Excluding these variables reduces the estimated total costs equally across patients, but would be unlikely to affect net budget impact. Some patients may also require therapy beyond second-line in order to achieve a successful clinical outcome. With the high response rates of currently available antibacterials (80-90 %), it is estimated that less than 4 % of patients will require a third-line or later therapy. This figure is also in line with the reported 30-day readmission rate (3-4 %), which was demonstrated to have only a small impact on the overall budget (Fig. 2 ) [34, 35] . Costs associated with monitoring tests for patients receiving oritavancin were not included as its prescribing information does not indicate that monitoring is necessary. However, sensitivity analysis reveals that even when costs associated with oritavancin are increased by US$580, the treatment remains cost saving, indicating that with additional costs for monitoring the drug would remain cost saving. Finally, because of limited availability of data, it was assumed that outpatient drug-switching patterns were similar to those seen in the inpatient setting. This assumption was validated by clinical experts, and was considered unlikely to have a large impact on total budget impact; however, the exact magnitude and direction of this impact is unknown. The economic impact of antibacterial resistance was not considered for any drugs in this analysis. As is the case with other antibacterial agents, the efficacy of oritavancin may be impacted in the future by the development of resistance. However, clinical studies to date have not identified a high propensity for oritavancin resistance to emerge among indicated organisms, a finding that may be attributed to oritavancin's multiple mechanisms of action. Future emergence of resistance could change the economic results presented here. The impact of oritavancin on hospital-acquired infections (HAIs) is not included in this analysis and may require additional analysis. With more MRSA patients treated in the outpatient setting, it could be hypothesized that the rate of HAI may decline, thus further reducing costs. Additionally, with its single-dose administration, oritavancin may aid in improving quality measures such as reduced re-admissions from enhanced compliance, which may lower costs and have additional implications on reimbursement.
Other indirect costs and measures such as patient quality of life, treatment satisfaction, work productivity, and patient out-of-pocket costs were also excluded from this analysis. Use of single-dose oritavancin and thus avoidance of hospital admission and/or daily visits to the infusion center may enable patients to return to their normal activities of daily living sooner, potentially resulting in improved satisfaction, better quality of life, and reduced time and money costs of transport to and from an infusion center. Patients may also be able to return to work sooner, providing additional benefits to both patients and employers.
Conclusions
This budget impact analysis demonstrates that use of oritavancin in moderate to severe ABSSSI patients is expected to save hospitals substantial costs by reducing hospital admissions and decreasing costs associated with outpatient therapy. The positive economic impact holds regardless of whether the hospital has outpatient infusion services. Due to its single-dose administration, use of oritavancin may eliminate the need for daily intravenous drug administration and its associated costs. Use of oritavancin may also facilitate outpatient treatment of ABSSSI, thereby reducing the cost and resource use associated with hospital admissions. 
